Effects of feed intake and force-feeding on liver lipid accumulation were investigated with 77 days old laying Japanese quails. They were raised under free feeding or restricted feeding conditions (75% of the control), or force-fed the diet at the level of 100 or 130% of the amount of the control for 20 days. Body weight gain, abdominal fat weight, liver weight and liver lipid accumulation were increased by the increase of feed intake and high significant positive correlations were demonstrated between the feed intake and those parameters. Force-feeding increased carcass fat deposition and liver lipid accumulation. Marked accumulation of liver lipid and hemorrhages in the liver were observed by force-feeding of excess feed (130% of the control).
Results
Feed intake and body weight gains are presented in Table 2 . Body weight gain was shown to increase in proportion to the increase of feed intake. Force-feeding improved body weight Table 2 . Effects of feed intake and force feeding on body weight gain. gain significantly (P<0.05) when body weight gains were compared under the condition at the same feed intake as that of the ad lib. feeding. Egg production (hen-day%) was shown to be improved in proportion to the increase of feed intake though there was no statistical significance (Table 3) . Total egg weight produced in 20 days was decreased by restricted feeding at the level of 75% of the control intake and was increased at 130% feed intake of the control. Depressing trend was shown in the force-fed chicks in egg production (hen-day%) and total egg weight in 20 days. Abdominal fat weight was significantly increased in proportion to the increase of feed intake. Force-feeding significantly (P<0.05) increased abdominal fat weight about 3 times of that of the chicks fed the diet ad libitum. There was no significant difference in thyroid weight among any two groups.
Liver weight and liver composition are given in Table 4 . Liver weight per 100g body weight was shown to have a tendency to increase in proportion to the increase of feed intake. An increasing trend was presented by force-feeding but it was not significant. In the chicks fed restricted amount of feed (75%), moisture content in the liver was significantly increased. Forcefeeding slightly decreased the moisture content in the liver in comparison with the ad lib. feeding. No marked changes were observed in non-fat dry matter (NFDM) content in the livers.
Lipid content of the liver in the control chicks was 13.5% on the wet weight base and 38. 4 % on the dry weight base (Table 4 and Fig. 1 ). Increasing trends in liver lipid content were induced by the increase of feed intake and by the force-feeding. Feed restriction to 75% of the control significantly reduced the liver lipid accumulation as is evident in the amount of lipid in the liver in Fig. 1 . On the other hand, increased feed intake (130% of the control) resulted in Table 4 .
Effects of feed intake and force-feeding on liver weight and liver composition.
NFDM: Non-fat dry matter. a, b, c, d: Means followed by same superscript letter are not significantly different (P<0.05). Means followed by same superscript letter are not significantly different (P<0.05). There was no marked changes in plasma glucose level as is shown in Table 5 . Plasma con-
Discussion
It was clearly demonstrated in the present study that weight gain, egg production and abdominal fat weight were increased in proportion to the increase of feed intake. In those indices, the increase of abdominal fat weight was the most typical and significant as is evident from the Table 6 . Correlation of feed intake with other parameters measured. ** Significant at 1% level data that correlation between feed intake and the abdominal fat weight had the highest significance among four correlations in Table 6 . It has been confirmed that positive and statistically significant correlation was obtained between abdominal and carcass fat content in laying hens14) and broiler chicks15). Therefore, it is considered that increased feed intake resulted in the increase of carcass fat deposition in quails. Liver weight and liver lipid accumulation were shown to be increased by the increase of feed intake and highly significant correlation were demonstrated between feed intake and liver weight or liver lipid accumulation as is evident from Table   6 , although correlation coefficient between feed intake and liver weight was larger than that between feed intake and liver lipid weight. These data are in good agreement with the results of WOLFORD and POLIN4) that liver weight and liver lipid content increased by the increase of feed consumption in laying hens. It is well known that NEFA in plasma is originated of lipids16). The feeding of excess amonut of feed (130% of the control) resulted in significant indicate that the lipid metabolism, especially lipid transport, was changed by excess feed intake in laying quails.
It has been shown that different feeding pattern was associated with significant alterations in body metabolism. Rats fed a single daily meal, compared with animals fed ad libitum, developed an increased amount of body fat17-19). NIR et al. 20) reported that excess amount of food administered by force-feeding could be efficiently digested and it caused increased growth and body fat deposition in growing chicks. They also observed that lipid accumulation in the liver induced by force-feeding was similar to those in laying hens1.4). In the present study on laying Japanese quails, body weight gain was improved by force-feeding and fat deposition in carcass was increased as is evident from the increase of abdominal fat weight (Table 3) . Furthermore, liver lipid accumulation, accelerated by force-feeding in the present study, is in good agreement with many other results obtained in laying hens1,4) and growing chicks20). Many workers21-23) have demonstrated that several enzyme systems related to fatty acid synthesis were adapted and acti- 24) reported that some enzyme activities in growing chicks were changed by force-feeding. In view of the above discussions , it may be presumed that increased carcass fat deposition and liver lipid accumulation were caused by increased lipogenesis in liver of the quails. Highly significant correlations were obtained between abdominal fat weight and liver weight or liver lipid content, as shown in Table 7 . Since highly significant correlationships were found between liver weight and liver lipid accumulation , it may be possible to estimate the liver lipid content from the liver weight without chemical determination . In the present experiment with laying Japanese quails, liver lipid accumulation was greatly accelerated by force-feeding of excess amount of feed and some hemorrhages were observed in several livers.
